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This Preliminary Amendment cancels the original claims, without prejudice, in the 
underlying PCT Application No. PCT/DE03/03479. The Preliminary Amendment also adds new 
claims 20-38. The new claims conform the claims to U.S. Patent and Trademark Office rules and 
do not add new matter to the application. 

In accordance with 37 C.F.R. § 1.125(b), the Substitute Specification (including 
the Abstract) contains no new matter. The amendments reflected in the Substitute Specification 
(including Abstract) are to conform the Specification and Abstract to United States Patent and 
Trademark Office rules or to correct informalities. As required by 37 C.F.R. §§ 1.121(b)(3)(ii) 
and 1.125(c), a Marked-Up Version of the Substitute Specification comparing the Specification 
of record and the Substitute Specification also accompanies this Preliminary Amendment. 
Approval and entry of the Substitute Specification (including Abstract) are respectfully 
requested. 

The vmderlying PCT AppUcation No. PCT/DE03/03479 includes an Intemational 
Search Report, dated April 5, 2004, a copy of which is submitted herewith. 

Applicants assert that the subject matter of the present application is new, non- 
obvious, and useful. Prompt consideration and allowance of the application are respectfully 
requested. 

Respectfully submitted, 
KENYON & KENYON 

Dated: By: ^C'U-. 

Gerard A. Messina 
Reg. No. 35,952 

One Broadway 

New York, NY 10004 

(212) 425-7200 



NYOl 1044376 vl 



6 



f 



10/550719 
JC12ltec'dPCT/Fr: 2 6SEP2005 

[10191/4289] 



METHOD AND CONTROL CIRCUIT FOR DETERMINING 
AN OPERATING STATE ON TRIGGERING A FAN MOTOR 

Background Informatio n F/g/^^ Of Tlie Invention 

The present invention relates to a method for determining an operating state on triggering a fan 
motor, in particular of a fan motor for a motor vehicle. Furthermore, the present invention 
relates to a control circuit for a fan motor, using which an operating state may be determined on 
triggering the fan motor. 

Background In formation 

Fan motors, e.g., for motor vehicles, are typically triggered by a control unit. For continuous 
triggering, the control imit generates periodic pulse-width-modulated triggering signals for this 
purpose, using which a field-effect power transistor is triggered. The field-effect power 
transistor is connected in series with a fan motor, which is connectable to the control circuit, 
between two supply voltage potentials. The control unit varies a pulse duty factor of the 
triggering signal, so that the fan motor is controlled continuously. 

In a pulse- width-modulated signal, the pulse duty factor specifies the proportion of time in 
which the signal level is in a high state during a period of the triggering signal. In this case, the 
high state triggers the field-effect power transistor in such a way that it is conductive and 
applies the entire supply voltage to the fan motor. During a low level of the 
pulse-width-modulated signal, the field-effect power transistor is completely blocked, so that 
the supply voltage is disconnected firom the fan motor. 

The fi-equency of the pulse-width-modulated triggering signal is typically in a fi-equency range 
which may not result in audible oscillations in the fan motor and/or in the triggering electronic 
system. 

Faults may occur during the installation and operation of the fan motor, which may typically 
not be easily recognized. 
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* SLmmary'Of The Invention 

It is th eAn object of the present invention is to provide a method for determining an operating 
state on triggering a fan motor, using which the operating states "open load", "triggering using 
overvoltage", "blocking or sluggishness of the fan motor", and/or "normal operation" may be 
5 determined. It is a further object of the present invention to provide a control circuit for a fan 
motor, which may determine the particular operating state of the fan motor. 

Th e s e obj e cts ar e achi e v e d by th e method according to th e d e finition of th e Gp e ci e s in Claim 1 
and by th e control circuit according to th e d e finition of th e sp e ci e s in Claim 10. 

Furth e r advantageous e mbodim e nts of th e pr e sent inv e ntion ar e sp e cifi e d in th e d e p e nd e nt 
10 claims. 

According to a first aspect of the present invention, a method for determining an operating state 
on triggering a fan motor is provided. The fan motor is operated with the aid of a switching 
device, the switching device being triggered via a pulse-width-modulated triggering signal. A 
pulse duty factor of the triggering signal predefines a triggering state of the fan motor, a voltage 
15 potential at the node between fan motor and switching device or a motor current being 

measured as a measured variable. An operating state is determined on triggering the fan motor 
as a fimction of the measured variable and the pulse duty factor. 

The method has the advantage that exact control is possible with the aid of the voltage potential 
between fan motor and switching device, the fan motor being triggered using this voltage. With 
20 the aid of the pulse duty factor, it may then be checked whether the voltage potential is in a 
setpoint range or whether the voltage potential deviates therefirom. The voltage potential may 
be used as an indicator of the operating state of the fan motor. The motor cxurent may also be 
used as an indicator for the operating state. 

Preferably, the measured variable is low-pass filtered, so that the measured variable is 
25 smoothed. In this way, a measured variable may be measured which is independent of the 
clocking of the pulse- width-modulated triggering signal. The low-pass filtered measured 
variable essentially still only includes the direct component of the voltage between the fan 
motor and the switching device and/or the direct component of the motor current, the direct 
component essentially being able to be viewed as proportional to the pulse duty factor. 

30 An open-load fault may be recognized if the voltage potential essentially corresponds to the 
supply voltage of the fan motor applied to the switching device. An open-load fault means that 
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* n6 current may flow through the fan motor because there is an interruption of one of the supply 
lines of the fan motor and/or an electric circuit interruption within the fan motor. This is 
recognized by the method according to the present invention if essentially the supply potential 
applied to the switching device, which is essentially independent of the pulse duty factor, is 
5 measured as the voltage potential. 

There is also the possibility that upon recognition of an open-load fault, the switching device 
will be made completely conductive for a specific period of time in order to apply the 
maximum voltage to the fan motor, so that merely oxidized connection points, e.g., on the 
brushes of the fan motor, clean themselves and a reliability performance of the fan motor is 
10 thus restored. 

Normal operation is recognized when the voltage potential is essentially proportional to the 
pulse duty factor and the measured voltage is in a defined voltage range in relation to the 
applied pulse duty factor. Normal operation is thus defined in that the voltage potential rises 
proportionally to the pulse duty factor and the voltage potential is within a voltage range 
1 5 defined in relation to the particular pulse duty factor, i.e., between an upper and a lower voltage 
threshold. 

The defined voltage range may be determined through a previously performed measurement at 
a defined applied supply voltage at different pulse duty factors. In this way, the operating 
points of the particular fan motor may be determined at different pulse duty factors, in order to 
20 be able to identify voltage deviations firom the measured operating points as a malfunction. 

Preferably, an overvoltage fault is recognized if the measured voltage potential is above the 
defined voltage range. Overvoltages may, for example, occur in motor vehicles due to 
malfunctions of the vehicle electrical system, the generator, the battery, or the like. In order to 
avoid defects of the fan motor resulting therefirom, it is necessary to recognize overvoltages in 
25 a timely manner and take suitable measures to protect the fan motor and the triggering 
electronic system. 

Preferably, blocking or sluggishness of the fan motor is recognized if the motor current is 
outside a defined current range. Blocking and sluggishness may occur during the use of fan 
motors in motor vehicles if foreign bodies get into the fan driven by the fan motor or the 
30 rotation or start-up of the motor is obstructed by contamination or corrosion. Blocking and 
sluggishness typically result in the motor current rising above the current range assumed in 
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' normal operation. In order to prevent permanent damage to the motor in case of sluggishness or 
blocking, such an operating state must be recognized so that the motor current may be limited 
' to a harmless value or the fan motor may be tumed off, for example. 

Furthermore, the defined current range may be determined through a measurement at a defined 
5 applied supply voltage at different pulse duty factors. In this way, the operating points of the 
particular fan motor at different pulse duty factors may be determined in order to be able to 
identify deviations of the motor current firom the measured operating points as malfunctions. 

According to a further aspect of the present invention, a control circuit for a fan motor is 
provided for determining an operating state on triggering the fan motor. The circuit includes a 

10 pulse width modulation circuit, which triggers a switching device using a 

pulse-width-modulated signal having a pulse duty factor. The switching device is connected to 
a first supply potential, the fan motor being connectable between a second supply potential and 
the switching device. Furthermore, a measuring circuit is provided in order to pick up a 
measured variable at a node between the switching device and the fan motor. With the aid of an 

15 analyzer circuit, the measured variable is checked and an operating state is determined as a 
function of the measured variable and the pulse duty factor. 

With the aid of the control circuit according to the present invention, it is possible to trigger a 
fan motor and determine the operating state of the motor by measuring a measured variable at a 
voltage node on the fan motor. Therefore, the control circuit may determine at any time, by 
20 measuring the measured variable, whether measures must be taken in order to protect and/or 
activate the motor or whether the motor is in a normal operating state. 

Furthermore, a filter circuit may smooth the measured variable, so that only the direct 
component of the measured variable is measured by the measuring circuit, the direct 
component being essentially proportional to the pulse duty factor. 

25 A compensating circuit having a data memory may furthermore be provided in order to 

perform a compensation of the control circuit. The compensating circuit is connected to the 
measuring circuit in order to measure a reference variable at a defined applied supply voltage 
and with a fan motor coimected, and stores the reference variable as reference values in regard 
to the particular pulse duty factor. In this way, a reference values table (lookup table) may be 

30 stored in the control circuit, which allows one to decide through comparison to the particular 
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* irilasnred Variable whether the fan motor is in normal operation or in some other operating 
state. 

Preferably, the compensating circuit may store further reference values in the data memory, the 
compensating circuit determining the further reference values from interpolation of the 
5 measured reference values, hi this way, a corresponding reference value does not have to be 
measured for every possible pulse duty factor, but rather further reference values may be 
interpolated from those already measured, under the assumption that the measured reference 
variable is essentially proportional to the pulse duty factor. 

Preferably, the analyzer circuit checks the measured variable to determine the operating state 
10 by comparing the measured variable to the reference values stored in the data memory in regard 
to the particular applied pulse duty factor of the pulse-width-modulated signal and recognizing 
an operating state as a function of the deviation between the measured variable and the 
reference variable. If a measured variable is above an upper threshold of the reference value, an 
overvoltage is recognized. If the measured variable is at the voltage level of the first supply 
15 voltage potential, an open load is recognized, i.e., the fan motor or the supply line to the fan 
motor has a line interruption. If the measured voltage is between a lower and upper threshold 
which are determined by the stored reference voltage values, normal operation is recognized. If 
a measured motor current is above an upper threshold of the reference motor current, 
sluggishness or blocking of the fan motor is recognized. 

20 The control circuit preferably has a data interface, in order to transmit the recognized operating 
state via a network, e.g., a CAN network. 

The measuring circuit may be designed in such a way that a voltage between the fan motor and 
the switching device is measured and/or a motor current through the fan motor is measured. 

The switching device preferably has a sense FET, using which the motor current through the 
25 fan motor and/or through the switching device is measured. A sense FET has the advantage that 
the motor current does not have to be measured via a measuring resistor, which would reduce 
the supply voltage applied to the fan motor. 

Since a proportional current is output to measure the current through the sense FET, a 
transformer circuit which is connected to the sense FET is preferably provided in order to 
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* c<Jfnvert the motor current into a proportional voltage. The voltage is then provided to the 
measuring circuit. 

Proforrod ombodim e ntG of tho present inv e ntion ar e d e scribed in gr e ater detail in the following 
on th e basis of th e attach e d drawing. 

5 Brief Description Of The Drawings 

Fig. 1 Fig. 1 shows a block diagram of a control circuit according to the present invention 
according to a first embodimentf. 

Fig. 2 F ig. 2 shows a filter circuit usable in the control circuit according to the present 
10 inventiont- 

Fig. 3 F ig. 3 shows a block diagram of a control circuit according to the present inventioni-afid. 

Fig. 4 F ig. 4 shows a block diagram of a control circuit according to the present invention 
1 S according to a second embodiment. 

Detailed Description 

Figure 1 shows a control circuit 1 according to the present invention according to a first 
embodiment. Control circuit 1 is used to trigger a connectable fan motor 2 via switching device 
3. Switching device 3 is connected to fan motor 2 and a reactor 4 in series. Reactor 4 is used as 
20 a low-pass filter. Switching device 3 is preferably implemented as a field-effect power 

transistor, to whose gate terminal a pulse-width-modulated triggering signal S is applied to 
control the fan motor. The pulse-width-modulated triggering signal is generated by control 
circuit 1. 

A first supply voltage Veat is connected to a first terminal of reactor 4 and a second terminal of 
25 reactor 4 is connected to a first terminal of connectable fan motor 2. A second terminal of fan 
motor 2 is connected to a first terminal of field-effect power transistor 3. A second supply 
voltage potential Vgnd, preferably a ground potential, is applied to the second terminal of 
field-effect power transistor 3. 

Triggering signal S is generated by a pulse width modulation circuit 5, which is located in 
30 control circuit 1. Pulse width modulation circuit 5 generates triggering signal S in accordance 
with a predefined value received via a data interface 6 firom a network, e.g., a CAN network. 
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* Triggering signal S is pulse-width-modulated, i.e., it is periodic and has a pulse length, during 
which a first level is assumed for a specific time and a second level is assumed for the 
remainder of the time of the pulse length. The first level is preferably a level making switching 
device 3 conductive, preferably a high level. The second level blocks switching device 3 and is 
5 preferably a low level. 

The ratio between the length of the first level and the overall pulse length is defined as pulse 
duty factor Tv. Fan motor 2 may be triggered almost continuously through the firee selection of 
pulse duty factor Tv. 

The period length of triggering signal S is preferably predefined according to a triggering 
10 fi-equency which lies above the fi-equency range audible to the human ear, in order to avoid 
unpleasant audible oscillations in the triggering electronic system and/or fan motor 2. 
Preferably, the triggering fi-equency is at approximately 20 kHz. 

A fi*ee-wheeling diode 7, which dissipates a voltage peak occmring at the second terminal of 
fan motor 2 at the first terminal of fan motor 2, is provided so that no voltage peaks are induced 
15 in the connection lines by fan motor 2 when switching device 3 is disconnected. 

In order to reduce line interference on supply voltage lines because of switching field-effect 
transistor 3, reactor 4 and a suppression electrolytic capacitor 8 are provided. A first terminal of 
suppression electrolytic capacitor 8 is connected to the first terminal of fan motor 2 and a 
second terminal of the capacitor is connected to second supply voltage potential Vgnd, i.e., 
20 preferably the groimd potential. Reactor 4 and electrolytic capacitor 8 form a low-pass filter. 

Control circuit 1 is used for the purpose of triggering fan motor 2 according to a predefined 
value and, in addition, checking the operating state of fan motor 2. For this purpose, the second 
terminal of fan motor 2 is connected to a low-pass filter circuit 9 located in control circuit 1 . 
Low-pass filter circuit 9 smooths the voltage signal applied to the second terminal of fan motor 
25 2 and transforms it with the aid of a voltage divider into a voltage range which lies in the 
measuring range of a measuring circuit 10 connected to filter circuit 9. 

A possible circuit diagram of such a low-pass filter circuit 9 is illustrated in Figure 2. Low-pass 
filter circuit 9 has a first resistor R\ and a second resistor R2, which are connected in series and 
form a voltage divider. Measured voltage Vmeas is applied via both resistors Ri and R2 and the 
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* measured Voltage Vmeas*, which is adapted to the required voltage range, is tapped between first 
resistor Ri and second resistor R2. 

Adapted measured voltage Vmeas' is then applied to a low-pass filter, which is formed by a third 
resistor R3 and a capacitor C, so that a direct component is output to following measuring 
5 circuit 10, which is essentially proportional to pulse duty factor Tv of triggering signal S. 

The voltage measured in measuring circuit 1 0 is essentially proportional to pulse duty factor Tv 
of triggering signal S and is a fimction of supply voltage Veat - Vgnd applied to fan motor 2. 
Measuring circuit 10 preferably has an A/D converter which digitizes the measured voltage. 
The digitized voltage value is relayed to an analyzer circuit 11, which checks during operation 
10 whether fan motor 2 is in normal operation or whether there is a fault. The operating state 

which was determined by analyzer circuit 1 1 may be output to a data bus via data interface 6. 

A block diagram of a possible analyzer circuit 1 1 is illustrated in Figure 3. Analyzer circuit 1 1 
has a data memory 12 in which a table containing reference voltage values is stored. A 
reference voltage value Vsetpoint is transmitted to a comparator circuit 13 in accordance with 

15 pulse duty factor Tv of triggering signal S generated by pulse width modulation circuit 5. 

Comparator circuit 13 also receives the measured voltage value digitized by measuring circuit 
10 and compares the two voltage values. If the two voltages deviate firom one another by more 
than a threshold quantity, and/or if measured voltage value Vmeas is outside a range defined by 
the reference voltage value, it is determined that fan motor 2 is not in normal operation. If 

20 measured voltage Vmeas' is above the upper threshold voltage predefined by reference voltage 
Vsetpoint, it is determined that fan motor 2 is being operated using an overvoltage. In this case, an 
overvoltage fault is recognized, which is relayed to data interface 6. 

If adjusted measured voltage Vmeas' is essentially at the voltage value of second supply voltage 
potential Vqnd, i.e., ground potential, independently of the applied pulse duty factor, an 

25 open-load fault is recognized, i.e., no current flows through fan motor 2. This indicates a defect 
of the connection lines of fan motor 2 and/or a defect within fan motor 2. For example, such a 
defect may include brushes and/or collectors being oxidized. In order to rule out and/or correct 
such a fault, the analyzer circuit may briefly trigger pulse width modulation circuit 5, so that 
field-effect transistor 3 is made completely conductive for a short time, so that the entire supply 

30 voltage is applied across fan motor 2. It is thus possible to clean an oxide layer firom bmshes 
and/or collectors, so that fan motor 2 becomes operational again. 
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' Ah undenJ^oltage may also be determined using comparator circuit 1 3 if the measured voltage is 
below the normal operating range predefined by reference voltage value Vsetpoim- 

For determining reference voltage values Vsetpomt in reference voltage values stored in data 
memory 12, a compensating circuit 14 is provided, which generates the corresponding table 
5 before fan motor 2 is put into operation. For this purpose, a defined supply voltage Veat is 
applied to fan motor 2 and the measured voltage is measured via measuring circuit 10 at 
different pulse duty factors Tv. It is now possible for compensating circuit 14 to write a voltage 
value in the data memory for each possible pulse duty factor Tv. In addition, it is possible for 
voltage values to be determined for some specific pulse duty factors Tv, and for fiirther 
10 reference voltage values to be determined through interpolation between the measured voltage 
points. This is possible since adjusted measured voltage Vmeas' is essentially proportional to the 
applied pulse duty factor. 

A fiirther embodiment of the present invention is illustrated in Figure 4. The embodiment 
illustrated in Figure 4 is a circuit in which the operating state of fan motor 2 is determined by 

1 5 the motor current flowing through fan motor 2. In order to measure the motor current as 

efficiently as possible, a sense FET 20 is provided as switching device 3, which, in addition to 
the fimction of a typical field-effect transistor, also has a current output that provides a current 
proportional to the motor current flowing through sense FET 20 between drain and source of 
sense FET 20. Through the use of a sense FET 20, a measuring resistor may be dispensed with, 

20 which must otherwise be connected in series with fan motor 2 in order to measure the motor 
current. Such a measuring resistor reduces the supply voltage applied to the motor and 
decrccises its power. 

In order to provide the measured motor current of control circuit 1 as a usable measured 
variable, the measured current of the measuring input of sense FET 20 must be converted into a 

25 measured voltage proportional thereto. This is performed by an operational amplifier 21, 
whose non-inverting input is connected to the measured current via a first resistor 22. The 
inverting input of operational amplifier 21 is connected via a second resistor 23 to the source 
terminal of sense FET 20. A control terminal of sense FET 20 is connected to control signal S, 
which is provided by the control circuit. The source terminal of sense FET 20 is also connected 

30 to a ground potential Vgnd- 
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* TKe inverting terminal of operational amplifier 21 is connected to the output of operational 
amplifier 21 via a third resistor 24. The output of operational amplifier 21 provides the 
measured voltage, which is essentially proportional to the measured current. The voltage at the 
output of the operational amplifier is provided as the measured voltage to control circuit 1 . 
5 Since the inputs of operational amplifier 20 typically have a high resistance, it is necessary to 
connect the non-inverting input of operational amplifier 20 to a voltage divider to convert the 
line current into a voltage. Voltage divider 25 has a fourth and a fifth resistor, which are 
connected in series and to which the first supply voltage potential and groxmd potential Vgnd 
are applied. A voltage, which is connected via a sixth resistor 28 to the non-inverting input of 
10 operational ampHfier 20, is picked up between fourth and fifth resistors 26, 27. In this way, the 
measured current may flow via first resistor 22, sixth resistor 28, and one of fourth or fifth 
resistors 26, 27. The voltage at the non-inverting input of operational amplifier 20 is then 
proportional to the measured current, an offset being predefined by voltage divider 25. The 
gain of the operational amplifier is set by second and fourth resistors 23, 24. 

1 5 On the basis of the measured voltage, it may be determined whether fan motor 2 is in normal 
operation, or whether fan motor 2 is blocked or sluggish. 

If fan motor 2 is blocked or sluggish, the measured current lies above the current range valid in 
normal operation. If the measured current is elevated, the resulting measured voltage is also 
elevated, so that control circuit 1 determines that the measured current is not in a defined » 
20 current range. Such a malfimction may then be communicated to other system components via 
data interface 6, for example. 

Control circuit 1 of the second embodiment essentially operates like control circuit 1 of the first 
embodiment. Control circuit 1 may also have multiple inputs for measured voltages, a 
measured voltage between fan motor 2 and switching device 20 and also a proportional voltage 
25 determined fi*om the measured current able to be provided at an input of control circuit 1 . This 
may also be used for the plausibility check for the operating state "normal operation". 

Control circuit 1, switching device 3, reactor 4, freewheeling diode 7, and suppression 
electrolytic capacitor 8 are preferably constructed modularly. The module thus formed has two 
terminals for fan motor 2. 

30 Pulse width modulation circuit 5, measuring circuit 10, analyzer circuit 11, and compensating 
circuit 14, as well as data interface 6, are preferably implemented by a corresponding program 
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* in^ microcontroller, so that the circuitry complexity is low. The microcontroller may be used 
for triggering more than one fan motor 2. 
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^ f • Abstract Of The Disclosure 

A method is described for determining an operating state on triggering a fan motor, the fan 
motor being operated with the aid of a switching device, the switching device being activated 
via a pulse-width-modulated triggering signal, a pulse duty factor of the triggering signal 
5 predefining a triggering state of the fan motor, a voltage potential at the node between fan 
motor and switching device or a motor current being measured as a measured variable, an 
operating state being determined on triggering the fan motor as a function of the measured 
variable and the pulse duty factor. 

Figur e 1 
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